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(54) Capacitor and method for fabricating the same 



(57) A capacitor includes lower electrode, capaci- 
tive insulating film, upper electrode and passivation film 
that are formed in this order on a substrate. The capac- 
itive insulating film is made of an insulating metal oxide, 
the metal oxide being a ferroelectric or a dielectric with 
a high relative dielectric constant. At least one contact 



hole is formed in the passivation film to connect the 
lower electrode to an interconnect for the lower elec- 
trode or the upper electrode to an interconnect for the 
upper electrode. The opening area of the contact hole is 
equal to or smaller than 5jim 2 . 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a capacitor, 
which can be built in a dynamic RAM, for example, and 
includes a capacitive insulating film of a ferroelectric or 
a dielectric with a high relative dielectric constant, and 
also relates to a method for fabricating the same. 
[0002] As the digital information processing technolo- 
gies have been developed by leaps and bounds, it has 
become more and more necessary these days to proc- 
ess and store a tremendously large quantity of data 
using devices operating at an even higher speed. 
Reflecting such tendencies, demand on high-perform- 
ance electronic units has also been increasing day after 
day To implement such a high-performance electronic 
unit, the number of semiconductor devices, integrated 
within a single electronic unit has been remarkably 
increased and semiconductor components, included 
within a single semiconductor device, have been drasti- 
cally downsized recently 

[0003] Thus, the number of devices integrated within 
a single dynamic RAM should also be further increased. 
To implement such a dynamic RAM, research and 
development has been carried on worldwide. According 
to a method recently developed, silicon oxide or silicon 
nitride, which has been used as a typical material for a 
capacitive insulating film of a capacitor in a dynamic 
RAM, is replaced by a ferroelectric or a dielectric with a 
high relative dielectric constant. Hereinafter, a capaci- 
tive insulating film made of a dielectric with a high rela- 
tive dielectric constant will be simply referred to as a 
"high-dielectric-constant film". 
[0004] To implement a nonvolatile RAM that can oper- 
ate at a lower voltage and can read and write at a higher 
speed, a ferroelectric film, possessing spontaneous 
polarization, has also been researched and developed 
vigorously. 

[0005] Development of a process, enabling the inte- 
gration of a capacitor in a CMOS integrated circuit with- 
out deteriorating the characteristics thereof, plays a key 
role in realizing a semiconductor memory device such 
as a high-performance non-volatile RAM. 
[0006] Hereinafter, a conventional method for fabricat- 
ing a capacitor, including a ferroelectric or high-dielec- 
tric-constant film as a capacitive insulating film, will be 
described with reference to Figures 12(a) and 12(b). 
[0007] First, as shown in Figure 12(a), a lower elec- 
trode 2 is formed out of a platinum film on a semicon- 
ductor substrate 1 . Then, a capacitive insulating film 3 is 
formed out of a ferroelectric or high-dielectric-constant 
film on the lower electrode 2, and an upper electrode 4 
is formed out of a platinum film on the capacitive insulat- 
ing film 3. Next, a passivation film 5 is deposited on the 
upper electrode 4 to cover the electrode 4 entirely Sub- 
sequently, a resist mask 6 with an opening for forming a 
contact hole is formed on the passivation film 5. And 



then the passivation film 5 is dry-etched using the resist 
mask 6, thereby forming a contact hole 7 in the passiva- 
tion film 5 so as to reach the upper electrode 4. The 
opening area of the contact hole 7 is 15jim 2 , for exam- 
5 pie. 

[0008] Next, as shown in Figure 1 2(b), the resist mask 
6 is removed using oxygen radicals, which have been 
generated by decomposing oxygen gas with micro- 
waves. 

10 [0009] In the conventional capacitor and the method 
for fabricating the same, however, the upper electrode 4 
is exposed inside the contact hole 7. Thus, during the 
process step of removing the resist mask 6. insulating 
metal oxides, included in the ferroelectric or high-dielec- 

15 trie-constant film as the capacitive insulating film 3, are 
unintentionally reduced to deteriorate the electrical 
characteristics of the capacitor. 

SUMMARY OF THE INVENTION 

20 

[001 0] An object of this invention is providing a capac- 
itor with improved electrical characteristics by prevent- 
ing insulating metal oxides, included in a ferroelectric or 
high-dielectric-constant film, from being reduced during 
25 the process step of removing a resist mask. 

[001 1] The present inventors found that even when a 
large quantity of hydrogen is released from a resist 
mask, insulating metal oxides, included in a ferroelectric 
or high-dielectric-constant film, are hardly reduced by 
30 that hydrogen if the opening area of a contact hole, 
formed in a passivation film, is small. 
[001 2] Also, the present inventors analyzed from vari- 
ous angles the reasons why the insulating metal oxides, 
included in the ferroelectric or high-dielectric-constant 
35 film, are reduced if the resist mask is removed by using 
oxygen radicals that have been generated by decom- 
posing oxygen gas with microwaves. As a result, we 
found the following mechanism. Specifically, if oxygen 
gas is decomposed with microwaves, then the density 
40 of electrons, existing in the resulting oxygen plasma, is 
high. Thus, a large quantity of hydrogen is released 
from the resist mask. Then, that released hydrogen is 
activated by the catalytic action of platinum contained in 
the upper electrode. Consequently, that activated hydro- 
ps gen diffuses into the ferroelectric or high-dielectric-con- 
stant film as the capacitive insulating film to reduce the 
insulating metal oxides contained in the ferroelectric or 
high<Jielectric-constant film. 

[0013] Based on this finding, according to a first 
so aspect of the present invention, the opening area of a 
contact hole, formed in an insulating film covering a 
capacitor, is defined at a predetermined value or less. 
According to a second aspect of the present invention, 
the quantity of hydrogen produced from the resist mask 
55 is cut down during the removal thereof, thereby prevent- 
ing hydrogen from diffusing into the ferroelectric or high- 
dielectric-constant film as the capacitive insulating film 
and from reducing the insulating metal oxides contained 
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therein. 

[0014] A first exemplary capacitor according to the 
present invention includes a lower electrode, a capaci- 
tive insulating film, an upper electrode and a passivation 
film that are formed in this order on a substrate. The s 
capacitive insulating film is made of an insulating metal 
oxide, which is a ferroelectric or a dielectric with a high 
relative dielectric constant. At least one contact hole is 
formed in the passivation film to connect the lower elec- 
trode to an interconnect for the lower electrode or con- 10 
nect the upper electrode to an interconnect for the 
upper electrode. The opening area of the contact hole is 
equal to or smaller than 5jim 2 . 
[001 5] A second exemplary capacitor according to the 
present invention includes a lower electrode, a capaci- 15 
tive insulating film, an upper electrode and a passivation 
film that are formed in this order on a substrate. The 
capacitive insulating film is made of an insulating metal 
oxide, which is a ferroelectric or a dielectric with a high 
relative dielectric constant. First and second contact 20 
holes are formed in the passivation film to connect the 
lower electrode to an interconnect for the lower elec- 
trode and the upper electrode to an interconnect for the 
upper electrode, respectively. The opening area of each 
of the first and second contact holes is equal to or 25 
smaller than 5jxm 2 . 

[001 6] In the first and second capacitors, the opening 
area of each contact hole is equal to or smaller than 
5\Ltr€. Accordingly, hydrogen, which is released from 
the resist mask during the process step of removing the 30 
mask to form the contact hole, hardly reaches the 
capacitive insulating film. That is to say, the insulating 
metal oxides, included in the ferroelectric or high-dielec- 
tric-constant film, are hardly reduced, thus greatly 
increasing the dielectric breakdown voltage of the 35 
capacitive insulating film. 

[0017] A first exemplary method for fabricating a 
capacitor according to the present invention includes 
the steps of: forming a capacitor including a lower elec- 
trode, a capacitive insulating film, an upper electrode 40 
and a passivation film by using a resist mask; and 
removing the resist mask. The capacitive insulating film 
is made of an insulating metal oxide, which is a ferroe- 
lectric or a dielectric with a high relative dielectric con- 
stant. The step of removing the mask includes removing 45 
the resist mask using a resist mask remover. 
[0018] A second exemplary method for fabricating a 
capacitor according to the present invention includes 
the steps of: forming a capacitor including a lower elec- 
trode, a capacitive insulating film and an upper elec- so 
trode by using a resist mask; and removing the resist 
mask with at least one of the lower and upper elec- 
trodes exposed. The capacitive insulating film is made 
of an insulating metal oxide, which is a ferroelectric or a 
dielectric with a high relative dielectric constant. The ss 
step of removing the mask includes removing the resist 
mask using a resist mask remover. 
[001 9] In accordance with the first or second method. 



since the resist mask is removed using a resist mask 
remover, almost no hydrogen is produced from the 
resist mask. Thus, it is possible to prevent hydrogen 
from diffusing into the ferroelectric or high-dielectric- 
constant film as the capacitive insulating film and from 
reducing the insulating metal oxide included in the ferro- 
electric or high-dielectric-constant film. Accordingly, 
deterioration in electrical characteristics of the capacitor 
can be prevented with a lot more certainty. 
[0020] In one embodiment of the first or second 
method of the present invention, the resist mask 
remover is preferably a material containing at least one 
of: an organic solvent; hydrofluoric acid; sulfuric acid; 
hydrochloric add; nitric acid; ammonium hydroxide; and 
deionized hot water. 

[0021 ] In such an embodiment, the resist mask can be 
removed without producing hydrogen from the resist 
mask. 

[0022] A third exemplary method for fabricating a 
capacitor according to the present invention includes 
the steps of: forming a capacitor including a lower elec- 
trode, a capacitive insulating film and an upper elec- 
trode by using a resist mask; and removing the resist 
mask. The capacitive insulating film is made of an insu- 
lating metal oxide, which is a ferroelectric or a dielectric 
with a high relative dielectric constant. The step of 
removing the mask includes removing the resist mask 
using oxygen radicals that have been generated by 
decomposing ozone gas. 

[0023] Almost no charged particles are included in 
oxygen radicals generated by decomposing ozone gas. 
Accordingly, if the resist mask is removed using these 
oxygen radicals in accordance with the third method, 
the quantity of hydrogen released from the resist mask 
decreases. 

[0024] A fourth exemplary method for fabricating a 
capacitor according to the present invention includes 
the steps of: forming a capacitor including a lower elec- 
trode, a capacitive insulating film and an upper elec- 
trode by using a resist mask; and removing the resist 
mask. The capacitive insulating film is made of an insu- 
lating metal oxide, which is a ferroelectric or a dielectric 
with a high relative dielectric constant. The step of 
removing the mask includes removing the resist mask 
using oxygen radicals that have been generated by 
decomposing oxygen gas with a plasma. The plasma 
has been generated in an inductively- or capacitively- 
coupled plasma processor. 

[0025] In accordance with the fourth method, since 
the oxygen radicals are generated by decomposing oxy- 
gen gas with a plasma that has been generated in an 
inductively- or capacitively-coupled plasma processor, 
almost no charged particles are included in the oxygen 
radicals. Accordingly, if the resist mask is removed 
using these oxygen radicals, the quantity of hydrogen 
released from the resist mask decreases. 
[0026] A fifth exemplary method for fabricating a 
capacitor according to the present invention includes 
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the steps of: forming a capacitor including a lower elec- 
trode, a capacitive insulating film and an upper elec- 
trode by using a resist mask; and removing the resist 
mask. The capacitive insulating film is made of an insu- 
lating metal oxide, which is a ferroelectric or a dielectric 5 
with a high relative dielectric constant. The step of 
removing the mask includes removing the resist mask 
using oxygen radicals. The oxygen radicals are gener- 
ated by decomposing oxygen gas with a plasma, which 
has been generated in a plasma generating chamber, w 
and then are introduced into a plasma processing 
chamber. The plasma generating chamber and the 
plasma processing chamber are both included, and 
separated from each other, in a down-flow plasma proc- 
essor. 1S 

[0027] In accordance with the fifth method, oxygen 
radicals, generated by decomposing oxygen gas with a 
plasma that has been generated in the plasma generat- 
ing chamber, are introduced into the plasma processing 
chamber. Accordingly, only these oxygen radicals with a 20 
longer lifetime than that of charged particles are intro- 
duced into the plasma processing chamber, and almost 
no charged particles are included in the oxygen radi- 
cals. Thus, if the resist mask is removed using such oxy- 
gen radicals, the quantity of hydrogen released from the 25 
resist mask decreases. 

[0028] In accordance with the third through fifth meth- 
ods of the present invention, almost no charged parti- 
cles are included in the oxygen radicals used for 
removing the resist mask, the quantity of hydrogen 30 
released from the resist mask decreases. Accordingly, it 
is possible to prevent hydrogen from diffusing into the 
ferroelectric or high-dielectric-constant film as the 
capacitive insulating film and from reducing the insulat- 
ing metal oxide included in the ferroelectric or high-die- 35 
lectric-constant film. Thus, deterioration in electrical 
characteristics of a capacitor can be prevented with a lot 
more certainty. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 
[0029] 

Figure 1 is a cross-sectional view of a capacitor 
according to a first embodiment of the present 45 
invention. 

Figure 2 is a graph illustrating a relationship 
between the opening area of a contact hole and the 
dielectric breakdown voltage of a capacitor. 
Figures 3(a) and 3(b) are cross-sectional views so 
illustrating respective process steps for fabricating 
a capacitor according to a second embodiment of 
the present invention. 

Figures 4(a) and 4(b) are cross-sectionaJ views 
illustrating respective process steps for fabricating 55 
a capacitor according to a third embodiment of the 
present invention. 

Figures 5(a) and 5(b) are cross-sectional views 



illustrating respective process steps for fabricating 
a capacitor according to a fourth embodiment of the 
present invention. 

Figures 6(a) and 6(b) are cross-sectional views 
illustrating respective process steps for fabricating 
a capacitor according to a fifth embodiment of the 
present invention. 

Figures 7(a) and 7(b) are cross-sectional views 
illustrating respective process steps for fabricating 
a capacitor according to a sixth embodiment of the 
present invention. 

Figures 8(a) and 8(b) are cross-sectional views 
illustrating respective process steps for fabricating 
a capacitor according to a seventh embodiment of 
the present invention; 

Figures 9(a) and 9(b) are cross-sectional views 
illustrating respective process steps for fabricating 
a capacitor according to an eighth embodiment of 
the present invention. 

Figure 10 is a graph illustrating respective contents 
of hydrogen in a capacitive insulating film where a 
resist mask is removed by a conventional method, 
with a resist mask remover, with oxygen radicals 
generated from ozone gas, or with oxygen radicals 
generated in an inductively-coupled or down-flow 
plasma processor. 

Figure 11 is a graph illustrating in comparison the 
dielectric breakdown voltages of respective capaci- 
tors formed by the conventional method and the 
methods of the present invention. 
Figures 12(a) and 12(b) are cross-sectional views 
illustrating respective process steps for fabricating 
a capacitor according to a conventional method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

EMBODIMENT 1 

[0030] Hereinafter, a capacitor according to a first 
exemplary embodiment of the present invention will be 
described with reference to Figure 1 . 
[0031] As shown in Figure 1, a capacitor includes 
lower electrode 11, capacitive insulating film 12 and 
upper electrode 13, which are formed in this order on a 
semiconductor substrate 10 out of a first platinum fBm, a 
ferroelectric or high-dielectric-constant film and a sec- 
ond platinum film, respectively. A passivation film 14 is 
deposited thereon to cover the capacitor. In the passiva- 
tion film 1 4, first and second contact holes 1 6A and 1 6B 
are formed to connect the upper electrode 13 to an 
interconnect for the upper electrode and the lower elec- 
trode 11 to an interconnect for the lower electrode, 
respectively. 

[0032] In this embodiment, the opening area of each 
of the first and second contact holes 16A and 16B is 
defined at 5jim 2 or less. 

[0033] Figure 2 illustrates a relationship between the 
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opening area of a contact hole and the dielectric break- 
down voltage of a capacitor. As shown in Figure 2, if the 
opening area is 5^m 2 or less, the dielectric breakdown 
voltage of the capacitor abruptly increases. 
[0034] Following is believed to be a main reason why 5 
the dielectric breakdown voltage of the capacitor 
abruptly increases when the opening area of the con- 
tact hole is defined at Sjirn 2 or less. As described above, 
in the process step of removing a resist mask using oxy- 
gen radicals to form the first and second contact holes 10 
16A and 16B, hydrogen is released from the resist 
mask. However, if the opening area of the resist mask is 
defined at as small as S^m 2 or less, then almost no 
hydrogen reaches the capacitive insulating film 12, and 
the insulating metal oxides, included in the ferroelectric is 
or high-dielectric-constant film, are hardly reduced. 
Thus, according to the first embodiment, the dielectric 
breakdown voltage of the capacitor greatly increases. 

EMBODIMENT 2 20 

[0035] Next a method for fabricating a capacitor 
according to a second exemplary embodiment of the 
present invention will be described with reference to 
Figures 3(a) and 3(b). 25 
[0036] First, as shown in Figure 3(a), a lower elec- 
trode 11 is formed out of a first platinum film, for exam- 
ple, on a semiconductor substrate 10. Then, a 
capacitive insulating film 12 is formed out of a ferroelec- 
tric or high-dielectric-constant film on the lower elec- 30 
trode 11 , and an upper electrode 13 is formed out of a 
second platinum film, for example, on the capacitive 
insulating film 12. Next, a passivation film 14 is depos- 
ited on the upper electrode 13 to cover the lower elec- 
trode 11, capacitive insulating film 12 and upper 35 
electrode 13 entirely. 

[0037] Subsequently, a mask with openings for form- 
ing contact holes, e.g., a resist mask 15, is formed on 
the passivation film 14. Then, the passivation film 14 is 
dry-etched using the resist mask 15, thereby forming 40 
first and second contact holes 16A and 16B to connect 
the upper electrode 13 to an interconnect for the upper 
electrode and the lower electrode 11 to an interconnect 
for the lower electrode, respectively, in the passivation 
film 14. As a result, the upper and lower electrodes 13 as 
and 11 are exposed inside the first and second contact 
holes 16A and 16B, respectively. 
[0038] Next, as shown in Figure 3(b), the resist mask 
15 is removed using a resist mask remover made of an 
organic solvent. 50 
[0039] In the second embodiment, since the resist 
mask 15 is removed using a resist mask remover of an 
organic solvent, almost no hydrogen is produced from 
the resist mask 1 5 during the removal of the resist mask 
15. Thus, it is possible to prevent hydrogen from diffus- 55 
ing into the ferroelectric or high-dielectric-constant film 
as the capacitive insulating film and from reducing the 
insulating metal oxide included in the ferroelectric or 



high-dielectric-constant film. 
EMBODIMENT 3 

[0040] Next, a method for fabricating a capacitor 
according to a third exemplary embodiment of the 
present invention will be described with reference to 
Figures 4(a) and 4(b). 

[0041] First, as shown in Figure 4(a), a lower elec- 
trode 21 is formed out of a first platinum film, for exam- 
ple, on a semiconductor substrate 20. Then, a 
ferroelectric or high-dielectric-constant film to be a 
capacitive insulating film 22 is formed on the lower elec- 
trode 21 , and a second platinum film to be an upper 
electrode 23 is deposited thereon. Next, a resist mask 
24 is formed on the second platinum film. 
[0042] Then, the second platinum film and ferroelec- 
tric or high-dielectric-constant film are etched in this 
order using the resist mask 24, thereby forming the 
upper electrode 23 and capacitive insulating film 22 out 
of the second platinum film and ferroelectric or high-die- 
lectric-constant film, respectively. 
[0043] Next, as shown in Figure 4(b), the resist mask 
24 is removed using a resist mask remover made of an 
organic solvent 

[0044] In the third embodiment since the resist mask 
24 is removed using a resist mask remover made of an 
organic solvent, almost no hydrogen is produced from 
the resist mask 24 during the process step of removing 
the resist mask 24. Thus, it is possible to prevent hydro- 
gen from diffusing into the ferroelectric or high-dielec- 
tric-constant film as the capacitive insulating film and 
from reducing the insulating metal oxide included in the 
ferroelectric or high-dielectric-constant film. 

EMBODIMENT 4 

[0045] Next, a method for fabricating a capacitor 
according to a fourth exemplary embodiment of the 
present invention will be described with reference to 
Figures 5(a) and 5(b). 

[0046] First, as shown in Figure 5(a), a lower elec- 
trode 31 is formed out of a first platinum film, for exam- 
ple, on a semiconductor substrate 30. Then, a 
ferroelectric or high-dielectric-constant film to be a 
capacitive insulating film 32 is formed on the lower elec- 
trode 31, and a second platinum film to be an upper 
electrode 33 is deposited thereon. Next, a resist mask 
34 is formed on the second platinum film. 
[0047] Then, the second platinum film is etched using 
the resist mask 34, thereby forming the upper electrode 

33 out of the second platinum film. 

[0048] Next, as shown in Figure 5(b), the resist mask 

34 is removed using a resist mask remover made of an 
organic solvent. 

[0049] In the fourth embodiment, since the resist mask 
34 is removed using a resist mask remover made of an 
organic solvent, almost no hydrogen is produced from 
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the resist mask 34 during the process step of removing 
the resist mask 34. Thus, it is possible to prevent hydro- 
gen from diffusing into the ferroelectric or high-dielec- 
tric-constant film as the capacitive insulating film and 
from reducing the insulating metal oxide included in the 
ferroelectric or high-dielectric-constant film. 

EMBODIMENT 5 

[0050] Next, a method for fabricating a capacitor 
according to a fifth exemplary embodiment of the 
present invention will be described with reference to 
Figures 6(a) and 6(b). 

[0051] First, as shown in Figure 6(a), a lower elec- 
trode 41 is formed out of a first platinum film, for exam- 
ple, on a semiconductor substrate 40. Then, a 
ferroelectric or high-dielectric-constant film to be a 
capacitive insulating film 42 is deposited on the lower 
electrode 41. Next, a resist mask 43 is formed on the 
ferroelectric or high-dielectric-constant film. 
[0052] Then, the ferroelectric or high-dielectric-con- 
stant film is etched using the resist mask 43, thereby 
forming the capacitive insulating film 42. 
[0053] Next, as shown in Figure 6(b), the resist mask 
43 is removed using a resist mask remover made of an 
organic solvent. 

[0054] In the fifth embodiment, since the resist mask 
43 is removed using a resist mask remover made of an 
organic solvent, almost no hydrogen is produced from 
the resist mask 43 during the process step of removing 
the resist mask 43. Thus, it is possible to prevent hydro- 
gen from diffusing into the ferroelectric or high-dielec- 
tric-constant film as the capacitive insulating film and 
from reducing the insulating metal oxide included in the 
ferroelectric or high-dielectric-constant film. 

EMBODIMENT 6 

[0055] Next, a method for fabricating a capacitor 
according to a sixth exemplary embodiment of the 
present invention will be described with reference to 
Figures 7(a) and 7(b). 

[0056] First, as shown in Figure 7(a), a lower elec- 
trode 51 is formed out of a first platinum film, for exam- 
ple, on a semiconductor substrate 50. Then, a 
ferroelectric or high-dielectric-constant film to be a 
capacitive insulating film 52 is formed on the lower elec- 
trode 51 , and a silicon oxide film to be a passivation film 

53 is deposited thereon. Next, a resist mask 54 is 
formed on the silicon oxide film. 

[0057] Then, the silicon oxide film and the ferroelectric 
or high-dielectric-constant film are etched in this order 
using the resist mask 54, thereby forming the passiva- 
tion film 53 and the capacitive insulating film 52, respec- 
tively. 

[0058] Next, as shown in Figure 7(b), the resist mask 

54 is removed using a resist mask remover made of an 
organic solvent. 



[0059] In the sixth embodiment, since the resist mask 
54 is removed using a resist mask remover made of an 
organic solvent, almost no hydrogen is produced from 
the resist mask 54 during the process step of removing 
5 the resist mask 54. Thus, it is possible to prevent hydro- 
gen from diffusing into the ferroelectric or high-dielec- 
tric-constant film as the capacitive insulating film and 
from reducing the insulating metal oxide included in the 
ferroelectric or high-dielectric-constant film. 

10 

EMBODIMENT 7 

[0060] Next, a method for fabricating a capacitor 
according to a seventh exemplary embodiment of the 
is present invention will be described with reference to 
Figures 8(a) and 8(b). 

[0061] First, as shown in Figure 8(a), a platinum film 
to be a lower electrode 61 and a ferroelectric or high- 
dielectric-constant film to be a capacitive insulating film 

20 62 are deposited in this order on a semiconductor sub- 
strate 60. Next, a resist mask 63 is formed on the ferro- 
electric or high-dielectric-constant film. 
[0062] Then, the ferroelectric or high-dielectric-con- 
stant film and the platinum film are etched in this order 

25 using the resist mask 63. thereby forming the capacitive 
insulating film 62 and the lower electrode 61 . 
[0063] Next, as shown in Figure 8(b), the resist mask 
63 is removed using a resist mask remover made of an 
organic solvent. 

30 [0064] In the seventh embodiment, since the resist 
mask 63 is removed using a resist mask remover made 
of an organic solvent, almost no hydrogen is produced 
from the resist mask 63 during the process step of 
removing the resist mask 63. Thus, it is possible to pre- 

35 vent hydrogen from diffusing into the ferroelectric or 
high-dielectric-constant film as the capacitive insulating 
film and from reducing the insulating metal oxide 
included in the ferroelectric or high-dielectric-constant 
film. 

40 

EMBODIMENTS 

[0065] Next, a method for fabricating a capacitor 
according to an eighth exemplary embodiment of the 
45 present invention will be described with reference to 
Figures 9(a) and 9(b). 

[0066] First as shown in Figure 9(a), platinum film to 
be a lower electrode 71, ferroelectric or high-dielectric- 
constant film to be a capacitive insulating film 72 and sil- 

so icon oxide film to be a passivation film 73 are deposited 
in this order on a semiconductor substrate 70. Next a 
resist mask 74 is formed on the silicon oxide film. 
[0067] Then, the silicon oxide film, ferroelectric or 
high-dielectric-constant film and platinum film are 

55 etched in this order using the resist mask 74, thereby 
forming the passivation film 73, capacitive insulating film 
72 and the lower electrode 71 , respectively. 
[0068] Next, as shown in Figure 9(b), the resist mask 
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74 is removed using a resist mask remover made of an 
organic solvent. 

[0069] In the eighth embodiment, since the resist 
mask 74 is removed using a resist mask remover made 
of an organic solvent, almost no hydrogen is produced 5 
from the resist mask 74 during the process step of 
removing the resist mask 74. Thus, it is possible to pre- 
vent hydrogen from diffusing into the ferroelectric or 
high-dielectric-constant film as the capacitive insulating 
film and from reducing the insulating metal oxide 10 
included in the ferroelectric or high-dielectric-constant 
film. 

[0070] In the foregoing second through eighth embod- 
iments, the resist mask is removed using a resist mask 
remover made of an organic solvent. Alternatively, the is 
resist mask may be removed using a solvent containing 
at least one of: hydrofluoric acid; sulfuric acid; hydro- 
chloric acid; nitric acid; ammonium hydroxide; and 
deionized hot water. 

20 

EMBODIMENT 9 

[0071] Next, a method for fabricating a capacitor 
according to a ninth exemplary embodiment of the 
present invention will be described. The method of the 25 
ninth embodiment is different from the methods of the 
second through eighth embodiments only in the process 
step of removing the resist mask Thus, only this mask 
removing process step will be described. 
[0072] First, ozone gas is decomposed by heating the 30 
ozone gas or by irradiating far infrared radiation to the 
ozone gas with or without heating the gas, thereby gen- 
erating oxygen radicals without generating charged par- 
ticles. The oxygen radicals generated are introduced 
onto the resist mask to cause a chemical reaction 35 
between the resist mask and the oxygen radicals and 
thereby decompose the resist mask into C0 2 and H 2 0. 
Finally, C0 2 and H 2 0 are removed. 
[0073] The process of generating oxygen radicals by 
heating the ozone gas may be carried out under the 40 
conditions that the quantity of ozone introduced is 4.5 
liters per minute and the temperature is 300°C, for 
example. 

[0074] In the ninth embodiment, oxygen radicals are 
generated by decomposing ozone gas, and therefore 45 
almost no charged particles exist in the resulting oxygen 
radicals- Thus, if the resist mask is decomposed using 
such oxygen radicals, the quantity of hydrogen released 
from the resist mask decreases. Accordingly, it is possi- 
ble to prevent hydrogen from diffusing into the ferroelec- so 
trie or high-dielectric-constant film as the capacitive 
insulating film and from reducing the insulating metal 
oxide included in the ferroelectric or high-dielectric-con- 
stant film. 

55 

EMBODIMENT 10 

[0075] Next, a method for fabricating a capacitor 



according to a tenth exemplary embodiment of the 
present invention will be described, The method of the 
tenth embodiment is also different from the methods of 
the second through eighth embodiments only in the 
process step of removing the resist mask. Thus, only 
this mask removing process step will be described. 
[0076] First, oxygen gas is introduced into the cham- 
ber of an inductively- or capacitively-coupled plasma 
processor, while at the same time a plasma is gener- 
ated between counter electrodes or coaxial electrodes 
inside the chamber. In this manner, the oxygen gas is 
decomposed with the plasma, thereby generating oxy- 
gen radicals. The oxygen radicals generated are intro- 
duced onto the semiconductor substrate placed on a 
stage within the chamber to cause a chemical reaction 
between the resist mask and the oxygen radicals and 
thereby decompose the resist mask into C0 2 and H 2 0. 
Finally, C0 2 and hfeO are removed. 
[0077] This process is preferably carried out under the 
conditions that pressure inside the chamber is 0.5 Torr 
to 1 Torr, f bw rate of the oxygen gas is 200 seem to 500 
seem, radio frequency power applied to the counter or 
coaxial electrodes is 400 W to 1000 W at 13.56 MHz 
and temperature at the stage is 100°C to 200°C. The 
optimum processing conditions include: in-chamber 
pressure of 0.5 Torr; 0 2 flow rate of 400 seem; radio fre- 
quency power of 800 W at 13.56 MHz; and stage tem- 
perature of 150°C. 

[0078] In the tenth embodiment, oxygen radicals are 
generated by decomposing oxygen gas with a plasma 
that has been generated in an inductively- or capaci- 
tively-coupled plasma processor, and therefore almost 
no charged particles exist in the resulting oxygen radi- 
cals. Thus, if the resist mask is decomposed using such 
oxygen radicals, the quantity of hydrogen released from 
the resist mask decreases. Accordingly it is possible to 
prevent hydrogen from diffusing into the ferroelectric or 
high-dielectric-constant film as the capacitive insulating 
film and from reducing the insulating metal oxide 
included in the ferroelectric or high-dielectric-constant 
film. 

EMBODIMENT 11 

[0079] Next, a method for fabricating a capacitor 
according to an eleventh exemplary embodiment of the 
present invention will be described. The method of the 
eleventh embodiment is also different from the methods 
of the second through eighth embodiments only in the 
process step of removing the resist mask. Thus, only 
this mask removing process step will be described. 
[0080] In the eleventh embodiment, a down-flow 
plasma processor (also called a "downstream plasma 
processor") is used. In the down-flow plasma processor, 
a plasma generating chamber for generating oxygen 
radicals and a plasma processing chamber for resist 
removal are separately provided. First oxygen gas is 
decomposed with a plasma generated in the plasma 
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generating chamber, thereby generating oxygen radi- 
cals. Then, only oxygen radicals with a longer lifetime 
than that of charged particles are introduced into the 
plasma processing chamber in accordance with a 
down-flow technique. In the plasma processing cham- 5 
ber, the oxygen radicals introduced are supplied onto 
the semiconductor substrate placed on a stage within 
the chamber to cause a chemical reaction between the 
resist mask and the oxygen radicals. As a result, the 
resist mask is decomposed into C0 2 and H 2 0, which 10 
are ultimately removed. 

[0081] This process is preferably carried out under 
similar conditions to those adopted in the tenth embodi- 
ment, namely, pressure inside the chamber is 0.5 Torr to 
1 Torr, flow rate of the oxygen gas is 200 seem to 500 15 
seem, radio frequency power applied to the electrodes 
is 400 W to 1000 W at 13.56 MHz and temperature at 
the stage is 100°C to 200°C. The optimum processing 
conditions include: in-chamber pressure of 0.5 Torr; 0 2 
flow rate of 400 seem; radio frequency power of 800 w 20 
at 13.56 MHz; and stage temperature of 150°C. 
[0082] In the eleventh embodiment, oxygen radicals, 
generated by decomposing oxygen gas with a plasma 
that has been generated in the plasma generating 
chamber, are introduced into the plasma processing 25 
chamber. That is to say, since only oxygen radicals with 
a longer lifetime than that of charged particles are intro- 
duced into the plasma processing chamber, almost no 
charged particles exist in the resulting oxygen radicals. 
Thus, if the resist mask is decomposed using such oxy- 30 
gen radicals, the quantity of hydrogen released from the 
resist mask decreases. Accordingly, it is possible to pre- 
vent hydrogen from diffusing into the ferroelectric or 
high-dielectric-constant film as the capacitive insulating 
film and from reducing the insulating metal oxide 35 
included in the ferroelectric or high-dielectric-constant 
film. 

[0083] Next, results of tests performed to evaluate the 
respective methods for fabricating a capacitor according 
to the second through eleventh embodiments will be 40 
briefly described with reference to Figures 10 and 11. 
[0084] Figure 10 illustrates respective contents of 
hydrogen (by an arbitrary unit) in a capacitive insulating 
film where a mask pattern is removed by a conventional 
method, with a resist mask remover (Embodiments 2 45 
through 8), with oxygen radicals generated from ozone 
gas (Embodiment 9), with oxygen radicals generated in 
an inductively-coupled plasma processor (Embodiment 
10) or with oxygen radicals generated in a down-flow 
plasma processor (Embodiment 1 1). As can be under- so 
stood from Figure 10, according to the methods of the 
second through eleventh embodiments, the contents of 
hydrogen in the capacitive insulating film are much 
smaller than the content resulting from the conventional 
method. 55 
[0085] Figure 1 1 illustrates in comparison the dielec- 
tric breakdown voltages of respective capacitors formed 
by the conventional method and the methods of the 



present invention. As can be understood from Figure 
11, the dielectric breakdown voltage of the capacitors 
formed by the methods of the present invention is 40 V, 
which is much higher than that of the capacitor formed 
by the conventional method (20 V). 

Claims 

1 . A capacitor comprising a lower electrode, a capaci- 
tive insulating film, an upper electrode and a passi- 
vation film that are formed in this order on a 
substrate, the capacitive insulating film being made 
of an insulating metal oxide, the metal oxide being 
a ferroelectric or a dielectric with a high relative die- 
lectric constant, 

wherein at least one contact hole is formed in the 
passivation film to connect the lower electrode to an 
interconnect for the lower electrode or connect the 
upper electrode to an interconnect for the upper 
electrode, and 

wherein the opening area of the contact hole is 
equal to or smaller than Sum 2 . 

2. A capacitor comprising a lower electrode, a capaci- 
tive insulating film, an upper electrode and a passi- 
vation film that are formed in this order on a 
substrate, the capacitive insulating film being made 
of an insulating metal oxide, the metal oxide being 
a ferroelectric or a dielectric with a high relative die- 
lectric constant, 

wherein first and second contact holes are formed 
in the passivation film to connect the lower elec- 
trode to an interconnect for the lower electrode and 
the upper electrode to an interconnect for the upper 
electrode, respectively, and 
wherein the opening area of each of the first and 
second contact holes is equal to or smaller than 
511m 2 . 

3. A method for fabricating a capacitor, comprising the 
steps of: 

forming a capacitor including a lower electrode, 
a capacitive insulating film, an upper electrode 
and a passivation film by using a resist mask, 
the capacitive insulating film being made of an 
insulating metal oxide, the metal oxide being a 
ferroelectric or a dielectric with a high relative 
dielectric constant; and 
removing the resist mask, 
wherein the step of removing the mask 
includes removing the resist mask using a 
resist mask remover. 

4. The method of Claim 3, wherein the resist mask 
remover is a material containing at least one of: an 
organic solvent; hydrofluoric acid; sulfuric acid; 
hydrochloric acid; nitric acid; ammonium hydroxide; 
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and deionized hot water. 

5. A method for fabricating a capacitor, comprising the 
steps of: 

5 

forming a capacitor including a lower electrode, 
a capacitive insulating film and an upper elec- 
trode by using a resist mask, the capacitive 
insulating film being made of an insulating 
metal oxide, the metal oxide being a ferroelec- 10 
trie or a dielectric with a high relative dielectric 
constant; and 

removing the resist mask with at least one of 
the lower and upper electrodes exposed, 
wherein the step of removing the mask 15 
includes removing the resist mask using a 
resist mask remover. 

6. The method of Claim 5, wherein the resist mask 
remover is a material containing at least one of: an 20 
organic solvent; hydrofluoric acid; sulfuric acid; 
hydrochloric acid; nitric acid; ammonium hydroxide; 
and deionized hot water. 

7. A method for fabricating a capacitor, comprising the 25 
steps of: 

forming a capacitor including a lower electrode, 
a capacitive insulating film and an upper elec- 
trode by using a resist mask, the capacitive 30 
insulating film being made of an insulating 
metal oxide, the metal oxide being a ferroelec- 
tric or a dielectric with a high relative dielectric 
constant; and 

removing the resist mask, 35 
wherein the step of removing the mask 
includes removing the resist mask using oxy- 
gen radicals that have been generated by 
decomposing ozone gas. 

40 

8. A method for fabricating a capacitor, comprising the 
steps of: 

forming a capacitor including a lower electrode, 
a capacitive insulating film and an upper elec- 45 
trode by using a resist mask, the capacitive 
insulating film being made of an insulating 
metal oxide, the metal oxide being a ferroelec- 
tric or a dielectric with a high relative dielectric 
constant; and so 
removing the resist mask, 
wherein the step of removing the mask 
includes removing the resist mask using oxy- 
gen radicals that have been generated by 
decomposing oxygen gas with a plasma, the ss 
plasma having been generated in an induc- 
tively-coupled plasma processor or a capaci- 
tively-coupled plasma processor. 



9. A method for fabricating a capacitor, comprising the 
steps of: 

forming a capacitor including a lower electrode, 
a capacitive insulating film and an upper elec- 
trode by using a resist mask, the capacitive 
insulating film being made of an insulating 
metal oxide, the metal oxide being a ferroelec- 
tric or a dielectric with a high relative dielectric 
constant; and 
removing the resist mask, 
wherein the step of removing the mask 
includes removing the resist mask using oxy- 
gen radicals, the oxygen radicals being gener- 
ated by decomposing oxygen gas with a 
plasma, which has been generated in a plasma 
generating chamber, and then introduced into a 
plasma processing chamber, the plasma gen- 
erating chamber and the plasma processing 
chamber being both included, and separated 
from each other, in a down-flow plasma proces- 
sor. 
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Fig. 3(a) 



Fig. 3(b) 
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Fig. 4(a) 



Fig. 4(b) 
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Fig. 5(a) 




Fig. 5(b) 
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Fig. 7(a) 



Fig. 7 (b) 
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Fig. 8 (a) 
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Fig. 10 




CONVENTIONAL INDUCTIVELY-CONPLED OZONE MASK-PARTING 
AND DOWN-FLOW PLASMA GAS AGENT 
PROCESSORS 



Fig. 11 




CONVENTIONAL THIS INVENTION 
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